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Introduction
Metabolic syndrome (MS) is characterized by inter-related risk factors (Grundy et al., 2005 ) that increase susceptibility to cardiovascular diseases (Lakka et al., 2002; Hu et al., 2004) , type 2 diabetes (Laaksonen et al., 2002; Lorenzo et al., 2003) , and all-cause mortality (Lakka et al., 2002; Hu et al., 2004) . Weight loss by caloric restriction combined with exercise is commonly 5 employed for the management of MS. Recent systematic reviews have reported that moderate weight loss (5%-10% of the initial body weight) is associated with improvement in obesity-related cardiovascular and metabolic abnormalities (Aucott et al., 2004 (Aucott et al., , 2005 Poobalan et al., 2004 ) and all-cause mortality (Poobalan et al., 2007) . However, only a few studies have explored the factors that are necessary to alleviate MS. 10 In Japan, MS is acknowledged as a major public health concern that has been addressed by developing country-specific diagnostic criteria and guidelines (Fujita, 2008) . The definition of MS in Japan differs from those of the World Health Organization (Alberti and Zimmet, 1998) (Alberti et al., 2005) . In the Japanese definition (The Examination Committee of Criteria for "Metabolic Syndrome" in Japan, 2005), abdominal obesity accompanies any 2 of the following features: dyslipidemia (triglycerides ≥ 150 mg/dL and/or high-density lipoprotein cholesterol < 40 mg/dL), hypertension (systolic blood pressure ≥ 130 mmHg and/or diastolic blood pressure ≥ 85 mmHg), and hyperglycemia (fasting plasma glucose ≥ 110 mg/dL).
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Abdominal obesity is assessed by measuring the visceral fat area (VFA) by computed tomography (CT). VFA ≥ 100 cm 2 indicates the risk of obesity-related disorders (dyslipidemia, hypertension, and hyperglycemia) and corresponds to a waist circumference of ≥85 cm in men and ≥90 cm in women (The Examination Committee of Criteria for 'Obesity Disease' in Japan, Japan Society for the Study of Obesity, 2002) . Although the IDF acknowledged specific cut-offs 25 for different genders and ethnicities (Alberti et al., 2005) , the Japanese movement towards country-specific diagnostic criteria for MS is controversial (Banerjee and Misra, 2007; Fujita, 2008) . Here, however, we used the Japanese criteria in response to the Japanese national-level movement.
We aimed to determine the factors alleviating MS components in overweight Japanese 30 women who underwent a 3-month weight-loss intervention consisting of a low-calorie diet with 4 or without exercise, using classification and regression tree (CART) analyses (Bartali et al., 2008; Gu et al., 2006; Miyaki et al., 2002) . Menopausal status, age, degree of obesity at baseline, percentage weight loss from baseline, and adding exercise to low-calorie diet were the potential contributory factors for alleviating MS through weight loss.
Methods

Participants
In 
Research procedures
We implemented 2 weight-loss programs: (i) a low-calorie diet alone (group D, n = 118) and (ii) a diet-plus-exercise program (group DE, n = 205). Participants were assigned to either program according to their personal preferences. Assays and measurements were performed before and after the 3-month intervention. An explorative approach was used to determine the 15 factors alleviating MS and its components.
Measurements
Anthropometric variables. Body weight was measured to the nearest 0.1 kg using a digital scale (TBF-551; Tanita, Tokyo, Japan), and height to the nearest 0.1 cm on a wall-mounted 20 stadiometer (YG-200; Yagami, Nagoya, Japan). Body mass index (BMI) was calculated as (body weight)/(height) 2 (kg/m 2 ). Waist circumference was measured at the umbilicus level to the nearest 0.1 cm using flexible plastic tape when the subjects were standing.
VFA by CT. VFA was measured at the umbilicus level by CT (SCT-6800TX; Shimadzu,
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Tokyo, Japan) when the subjects were supine, and calculated using the FatScan software (N2system, Osaka, Japan) (Yoshizumi et al., 1999) .
Blood pressure and biochemical blood assay. Blood pressure was measured using a manual sphygmomanometer (SM-100; Ars, Tokyo, Japan) in the seated position after a 20-minute 30 rest period. Approximately 10 mL blood was drawn from each subject after overnight fasting.
Fresh samples were used for the enzymatic analysis of triglycerides, and the fasting plasma glucose was assayed using glucose oxidase. Serum high-density lipoprotein cholesterol was measured using heparin-manganese precipitation.
MS components.
The Japanese criteria (The Examination Committee of Criteria for 5 "Metabolic Syndrome" in Japan, 2005) were used to evaluate the prevalence of MS and its components. The number of MS components (0-4) was also counted.
Intervention
Dietary protocol. All participants were instructed to restrict their energy intake to 10 approximately 1200 kcal/d. The energy intake per meal (3 times per day) was 80 kcal each from eggs and/or dairy products; meat, fish, and/or soybean products; and vegetables and fruits, and 160 kcal from carbohydrates and oils. They maintained a daily food diary during the 3-month intervention and attended group-based 90-minute weekly lectures on low-calorie diets, where dieticians encouraged weight loss through nutrition education and dietary behavior modification.
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Exercise protocol. In addition to dieting, group DE participants performed 3 aerobic exercise sessions (bench stepping and/or walking) every week in a fitness room and/or outdoors.
The exercise intensity was set such that it raised the subjects' heart rate to 40%-85% of the heart rate at their V ． O 2 max, which was determined during a graded exercise test using a cycling 20 ergometer at the baseline, or from 9 (very light) to 17 (very hard) on the Borg scale (Borg, 1973) .
The exercise intensity was gradually increased during the intervention. The average energy expenditure was approximately 150 kcal/d (Okura et al., 2003) . an upper subgroup were to be split, the number of cases in 1 or more lower subgroup would be less than the minimum number of cases (15 in this study). At each branch point, P values were represented from chi-square tests. Fisher's exact tests were performed for the branch points in 15 which the expected value for at least 1 of the 2 × 2 cells was less than 5 (P′ value).
Statistical analyses
Data were analyzed using SPSS statistical software (version 16.0J; SPSS, Chicago, IL), with the statistical significance set at 5%.
Results
A total of 309 participants completed the study (n = 115 and n = 194 in groups D and DE, respectively). Three participants from group D and 11 from group DE withdrew from the respective programs. All classifications were statistically significant by chi-square or Fisher's exact tests. No classification trees were generated for MS alleviation (69 participants had baseline MS that was 10 alleviated by weight loss in 59 (85.5%)) and dyslipidemia (83 participants had baseline dyslipidemia that was alleviated by weight loss in 67 (80.7%)).
Discussion
We used the CART algorithm to determine the factors alleviating the MS components in overweight Japanese women who participated in a 3-month weight-loss program that included a low-calorie diet with or without exercise. The best factor that alleviated at least 1 component of MS was 8.1% weight loss, which is similar to values reported in recent systematic reviews 5 (5%-10%) for improvement in obesity-related cardiovascular and metabolic abnormalities and all-cause mortality (Aucott et al., 2004 (Aucott et al., , 2005 Poobalan et al., 2004 Poobalan et al., , 2007 . Further, recent clinical trials employing NCEP criteria determined that 7%-8% weight loss reduced the prevalence of MS in obese men and women (Phelan et al., 2007) and MS development in men and women with impaired glucose tolerance (Orchard et al., 2005) . Therefore, our findings are 10 reasonable and could be set as the target value for improving MS.
Greater weight reduction was required for improving abdominal obesity (≥13.0%) and hyperglycemia (≥13.2%). Participants aged ≤41.5 years were the best candidates for alleviating hypertension, and for those aged >41.5 years, exercise combined with a low-calorie diet contributed to alleviating hypertension. Relatively higher weight loss is required for overweight 15 Japanese women in order to improve abdominal obesity or hyperglycemia. For improving hypertension through weight loss, the importance of exercise becomes clinically evident in the case of women aged >41.5 years. Thus, the CART analyses present a possible strategy for the management of metabolic risk factors, especially for group planning purposes, that is, it provides a target weight-loss value under each baseline condition. The additional chi-square and Fisher's 20 exact tests revealed that all the classifications were statistically significant indicating that our classification efficiently categorizes overweight Japanese women into more or less improved groups in as distinct a manner as possible.
Study limitations and strengths
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Although this study aimed to determine the factors alleviating MS in overweight Japanese women, no classification tree was generated for this because of low prevalence (total prevalence, 22%) and small available datasets (n = 69). Classification trees were generated for the alleviation of at least 1 component of MS and for improving abdominal obesity, hypertension, and hyperglycemia individually. However, these findings are limited to this group of overweight 30 Japanese women who participated in a 3-month low-calorie-diet weight-loss program with or without exercise. Therefore, the results of this study may not be generalized.
Since the CART algorithm was originally designed for large sample sizes, a larger sample size would result in more diverse classification trees. Sufficiently large samples would be divided into a training sample and a testing sample from which the classification tree is generated, and on which the tree is tested for cross-validation, respectively. Our sample size was sufficiently 5 large to apply CART analyses to determine the factors alleviating MS in overweight Japanese women, but it was insufficient to divide into training and testing samples. Further studies with larger sample sizes are required.
Exercise combined with low-calorie diet efficiently alleviated hypertension in a subgroup of women aged >41.5 years. However, this outcome is probably biased because the Since few attempts have been made to explore the conditions for alleviating MS, our findings appear important.
Conclusion
Our interventional study comprising a 3-month weight-loss program with a low-calorie diet with or without exercise suggests that moderate weight loss of 8-13% helps in reducing MS components in overweight Japanese women. Baseline conditions (age and BMI) could also be important factors. However, further studies using an ideal study design are required to confirm 5 these findings.
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